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4.0 THE CTAP/ECOWATCH ORGANIZATION
Illinois ForestWatch (FW) is the forest-monitoring component of the Illinois EcoWatch Network (EW), a
volunteer monitoring program coordinated through the Division of Ecosystems, Office of Realty and
Environmental Planning, in the Illinois Department of Natural Resources (IDNR). EcoWatch is a
component of the Critical Trends Assessment Program (CTAP), an umbrella program developed in
1995 to monitor trends in Illinois ecosystems. Scientists and staff at the Illinois Natural History Survey
(INHS) and Illinois EcoWatch Network (EW) collaborated to develop the CTAP professional and
volunteer monitoring programs for Illinois forests, streams, wetlands, and prairies. The CTAP team
consists of staff from IDNR's Office of Realty and Environmental Planning and the Office of Research
and Scientific Analysis including the Illinois State Geological Survey, Illinois Waste Management and
Research Center, INHS, and the Illinois State Water Survey. In CTAP, the collective knowledge and
judgment of professionals and EW staff, taking into account the resources available, have developed
protocols for volunteer use in these ecosystems.
Funding for the development and implementation of EW primarily comes from Conservation 2000, the
Critical Trends Assessment Program, and other IDNR sources. Previously (1995-2000), EW was
supported through AmeriCorps, a national volunteer service program created by President Clinton
and Congress in 1994.
ForestWatch Staff
A list of FW personnel, their job responsibilities, and where they are housed is provided in Table 1.
FW also receives technical support from other CTAP staff at the Illinois Natural History Survey.
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Partnerships
EW has multiple partners at the local and state levels. More than 100 schools, conservation groups,
government agencies, and businesses support the program, including the Audubon Society, The
Nature Conservancy, Cypress Creek National Wildlife Refuge, Illinois Chapter of the Sierra Club, City
of Urbana Park District, University of Illinois Cooperative Extension Service, and the Mercer County
Natural Area Guardians.
EW partners with Chicago Wilderness to recruit and train high school science teachers, members of
The Nature Conservancy's Volunteer Stewardship Network, and other volunteers in the northeastern
Illinois region. This relationship is facilitated through The Field Museum of Natural History, which
helps involve urban residents in volunteer monitoring.
EW also works closely with the Conservation 2000 (C2000) Ecosystems Program, which provides
Ecosystem Grants to Ecosystem Partnerships, coalitions of local stakeholders united by a common
interest in the natural resources of their watershed. Ecosystem Partnerships and EW work together
to monitor forests and inform stakeholders about the importance of forest ecosystems at the local
level. C2000 has recently suggested that Partnerships use FW protocols or CTAP professional
protocols to monitor the performance of forest restoration projects funded by C2000 grants.
Data Users
The CTAP program uses FW data to analyze trends in Illinois forests. These data were a critical
component of the recently released Critical Trends in Illinois Ecosystems (IDNR 2001a). This report
describes the condition of the state's forests, grasslands, streams, and wetlands based on CTAP
professional scientist and volunteer data. Assemblages of organisms used in the CTAP monitoring
framework (including both professional and volunteer) to assess forests include percent cover of
herbaceous species, size and abundance of tree species, canopy cover, presence of invasive
species such as the gypsy moth, invasive shrub density, and terrestrial insect diversity (Bailey et al.
2000). Other important FW data users include, but are not limited to, C2000 Ecosystem
Partnerships, private landowners, professional scientists, and local communities.
5.0 BACKGROUND FOR VOLUNTEER MONITORING
History of Volunteer Monitoring
Streams and rivers have a long history of volunteer monitoring in the United States starting with
Maryland's Save Our Streams (SOS) program in 1969 (Firehock and West 1995). Volunteer
monitoring is now a nationwide effort with over 772 programs in the U.S. (U.S. EPA 1998a). Most of
these volunteer programs survey behthic macroinvertebrates for use in assessing stream quality
(Firehock and West 1995; Penrose and Call 1995; US EPA 1998a). A much smaller number of
programs monitor terrestrial systems for specific management concerns such as invasive plants or to
monitor trends in species' demographics such as Audubon Society's Annual Christmas Bird Counts
(Brown et al. 2001; GLOBE 2001; Pashley and Martin 1988).
6.0 PROGRAM DESCRIPTION
As the volunteer forest-monitoring component of CTAP, FW coordinates a statewide network of
volunteers collecting information on Illinois forests.
ForestWatch Goals
The primary goals of the FW Program are to:
1. collect credible data for use in assessing statewide trends in forest habitat quality over
time;
2. educate Illinois citizens about the ecology of forests; and
3. promote volunteer stewardship of forests at the local level.
Basic Sampling Design
FW describes its sampling procedures in the Illinois ForestWatch Monitoring Manual and in sections of
this QAPP (IDNR 2001b). The FW program recognized from the outset that volunteer monitoring
created a number of data quality challenges. First, to obtain large numbers of volunteers in a wide
geographic area would necessitate recruiting individuals with varying levels of expertise in identifying
plants. Second, equipment would have to be simple and low-cost since many groups would
simultaneously be monitoring. Lastly, because of the previous constraints, FW expected volunteers
to collect less detailed information than would be collected by professional biologists.
Volunteers collect data during a fall and a spring survey on an every-other-year cycle. The fall survey
includes:
1. identifying and measuring the diameter of trees;
2. identifying and enumerating stems of invasive and other shrub species;
3. monitoring the amount of shading by both canopy and sub-canopy trees; and
4. monitoring the presence of gypsy moth and dogwood anthracnose.
The spring survey includes:
1. estimating the coverage and frequency of disturbance sensitive and invasive indicator
plants in the ground layer;
2. measuring tree canopy height;
3. measuring downed woody debris;
4. reporting signs of human use or disturbance; and
5. documenting site topography.
FW also has the flexibility to add new monitoring protocols as environmental problems occur. For
example, volunteers have recently begun noting the presence of kudzu (Pueraria lobata) and
Oriental bittersweet (Celastrus orbiculatus) if found at their site.
FW assesses forest habitat quality using both tree and herbaceous indicator plant species. A range
of ecological indicators is utilized since there is no single measure, which will reflect broad forest
conditions and sources of degradation (Schwartz et al. 1997). Volunteers use a simplified monitoring
design based upon those used by CTAP botanists. A less rigorous method where not all taxa are
identified to the species level is necessary to accommodate volunteers with varying skill levels. The
rationale for the chosen measures is as follows:
1. Tree and shrub species, as the dominant species of forest systems, are measured to
provide information on the structural complexity, abundance, and diversity of vascular
plants (Schwartz et al. 1997).
2. Volunteers monitor invasive species because they are widely recognized as a leading
source of forest degradation (Coblentz 1990; Schwartz et al. 1997).
3. Volunteers monitor herbaceous plants sensitive to anthropogenic disturbance as
indicators of vegetation quality (Schwartz et al. 1997).
4. The presence of downed woody debris is monitored as a measure of habitat for animals,
fungi, saplings, and other organisms.
5. Volunteers examine the impacts of human disturbance through the documentation of
trails, trash, and other human uses of the forest for educational awareness.
Type of Forest Monitored
All forests monitored by the FW program must, as a minimum:
1. be 8 hectares in size;
2. have a suitable 150 x 150 meter area for establishing the site;
3. have at least 50 percent tree canopy cover; and
4. contain trees at least 10 cm dbh.
Volunteers may choose their own sites as long as they meet the minimum physical and safety
requirements. EW realizes the volunteer-selected sites do not reflect statewide forest conditions due
to their nonrandom selection. Therefore, CTAP and EW generated a list of 100 random sites and
encouraged volunteers to adopt these sites. Approximately 45 of these sites are currently monitored.
Random sites will form the population from which to make statistical inference for statewide trends.
These sites also provide a context in which to compare and place all nonrandom forest data.
EcoWatch Program Work Cycle
The FW monitoring cycle begins with the fall monitoring and ends with the spring; together they make
up one data cycle (Table 2). FW choose this schedule rather than a spring/fall regime to
accommodate teachers so that their classes can monitor the same site within the same school year.
FW typically trains new volunteers during summer and conducts review sessions for veteran
volunteers prior to spring and fall monitoring periods. The FW spring monitoring season varies from
northern to southern Illinois due to climatic differences. The fall monitoring runs from August 1 to
September 30 statewide. Each site is only monitored every other year to reduce trampling effects.
Volunteers submit hard copies of all data sheets to their regional office and enter their data on-line (if
possible). The spring data submittal deadline is June 15 and fall, October 31. EW staff check the
data for errors and enter data on-line for volunteers without internet access. There is a final data
check by the Quality Assurance (QA) Officer. Each year the QA Officer checks 30% of the herbaria
collected by volunteers. Once all quality control checks are complete, including herbarium checks,
the QA officer summarizes the results. EW staff use the remainder of the year to evaluate potential
sites and recruit volunteers.
TABLE 2. ANNUAL WORK CYCLE
Major Task Categories J F M A M J J A S O N D
Volunteer training & review sessions X X X X X X
Volunteer recruitment X X X X X X X X X X X X
FW monitoring season X X X X
Data entry X X
Data entry QA/QC checks X X X
Herbarium verification X X X
Data analysis and reporting X X X
FW site evaluations X X X X X X X
7.0 DATA QUALITY OBJECTIVES FOR MEASUREMENT DATA
FW Data Precision
Precision is a measure of mutual agreement among repeated measurements of the same
characteristic on the same sample or on separate samples collected as close as possible in time and
place (U.S. EPA 1996). EW recognizes the need to assess both intra- and inter-observer precision.
Intra-observer precision addresses repeated measures of a method by the same person collecting
data over time while inter-observer precision involves different people collecting the data over time.
EW has assessed inter-observer precision using shadow sampling (or duplicate sampling, the term
used by the U.S. EPA), where two samples are collected at the same site (U.S. EPA 1998b).
Shadowing compares data collected by volunteers with data collected by EcoWatch staff (Trainers)
from the same forest site. It is the responsibility of EW staff to train volunteers; therefore, the two
groups should obtain similar results when using the same procedures. A shadow study conducted
from 1998 to 2000 revealed no significant difference between the two groups for the most commonly
encountered tree genera including Ulmus, Quercus, and Acer (p < 0.05) (Brandon 2001). However,
22 species showed significant discrepancy rates between the two groups including Ulmus americana,
Ulmus rubra, Quercus alba, and Gleditsia triacanthos. Overall, the study found volunteers to be
adept at identifying trees to the genus rather than the species level. In response, additional training
time was spent on hard-to-identify species and supplemental diagnostic information was added to
training packets. The study also found most volunteer estimates of tree height and cover of
herbaceous indicators to be in statistical agreement with EW staff results. For example, the six sites
shadowed for tree height data revealed a mean difference between the two groups of only 1.2
meters.
Another issue highlighted during the shadow study was a large number of inadequate site sketches
and poorly marked transects at the study sites. EW staff had great difficulty relocating stakes using
volunteer site sketches. Even when the sketches seemed accurate, stakes were often missing and
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EW staff suspected stakes were pulled out by animals and/or hikers. In many instances, EW staff
was not confident that the shadow data was within the exact area monitored by volunteers.
Additional information on inter-observer precision could be derived from having multiple volunteers
sample a single location; EW has yet to conduct such a test. FW is also aware of the issue of intra-
observer precision. However, monitoring currently takes volunteers eight hours or more. It may prove
unrealistic to expect volunteers to monitor their sites twice. However, we may want to consider having
staff monitor sites twice to address intra-observer precision.
FW Data Accuracy
Accuracy is a measure of confidence or closeness in an individual measurement and the difference
between the individual measurement of a given parameter and its "true" or actual value (U.S. EPA
1998b). For plant identification, EW utilizes several methods to enhance accuracy. First, the
EcoWatch Trainers compile and maintain plant reference collections at each of the regional offices.
Each collection must include all common trees and the indicator shrubs and invasive plants.
Whenever possible, collections also include the native indicator wildflowers. Collections are curated
with the help of the QA Officer.
Second, the program requires volunteers to submit herbarium specimens for each species of tree,
shrub, and invasive indicator recorded on the data sheets. The QA Officer conducts a blind (where
volunteers are unaware of the check beforehand), random check of 30% of these herbarium
collections every year. Results are compared to volunteer identification using paired t-tests and
descriptive statistics such as means and percentages. Results from 2001 indicated herbarium
collections had species identification rates between 90% and 100% (unpublished data). However,
most volunteers have yet to complete a herbarium. In 2001, approximately 12% of sites monitored
had at least a partial collection and fewer still had complete collections with species included.
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FW has yet to implement a procedure for checking volunteer identification of the native herbaceous
indicator species. Most volunteers rarely encounter these species. Questionable data concerning
the presence of disturbance sensitive indicators are verified by a site ground check by EW staff.
Third, a comparison study was implemented in 2001 to examine the congruence and disagreement
between volunteer and professionally collected data originating from the Illinois Natural History
Survey (INHS). Botanists resurveyed volunteer transects using their own equipment and identified all
plants to species. Results were then compared using paired t-tests and a Wilcoxon signed rank test
for nonparametric data. This study detected a high level of agreement between the two groups for
easily identifiable species such as sugar maple but lower levels of agreement for more challenging
species such as red oak and American elm (accuracy levels were 97%, 35%, and 54%, respectively;
see Table 3). On average, volunteers found 8% fewer trees species than did the professionals with
all factors being equal (t = 2.93, p = 0.01). However, a paired t-test revealed no significant difference
between volunteer and botanists results for shrubs and saplings (t = 1.93, p = 0.07). This study lent
further credence to the precision study with volunteers identifying taxa accurately to the genus rather
than species level. The study showed high volunteer accuracy in measuring tree dbh, indicating
volunteers provided consistent and reliable information about forest age structure. Comparison
study results were consistent with those found by the shadowing studies (see section on precision;
Brandon 2001). The spring survey procedures were not a part of the parallel study. We hope to
conduct a similar study for the spring survey data.
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TABLE 3. COMPARISON OF TREE SPECIES FREQUENCIES (DBH > 5 CM) ACROSS ALL
TRANSECTS BY BOTH GROUPS (VOLUNTEERS AND BOTANISTS) 2001.
Species Mean Count Mean n P Accuracy Rate %
(Botanists) Count
(Volunteer)
Acer negundo 5.42 5.28 7 NS 97%
Acer rubrum 2.33 3.33 9 0.37) 70%
Acer saccharum 9.35 9.20 20 0.76b 98%
Carya species 5.11 5.85 34 0.03a  87%
Celtis occidentalis 4.30 4.60 1 0 0.81a 93%
Cornus florida 2.71 3.0 7 NS 90%
Crataegus species 2.71 4.42 7 NS 61%
Fraxinus species 5.08 5.00 23 0.783 98%
Gleditsia triacanthos 3.8 2.2 5 NS 58%
Juglans nigra 1.75 2.0 8 0.75 88%
Morus rubra 1.41 1.91 12 0.0001D 74%
Ostrya virginiana 4.13 5.13 15 0.0001bT 81%
Prunus serotina 10.8 10.2 13 0.43 a  94%
Quercus alba 3.28 3.85 21 0.004a 85%
Quercus bicolor 3.0 3.8 5 NS 79%
Quercus imbricaria 2.90 2.63 11 0.765 90%
Quercus muhlenbergia 3.6 2.8 5 NS 78%
Quercus rubra 0.76 2.17 17 0.03a 35%
Quercus stellata 3.83 0.83 6 NS 22%
Quercus velutina 3.88 2.27 18 0.01a 58%
Sassafras albidum 2.16 2.16 6 NS 100%
Tilia americana 2.0 2.0 5 NS 100%
Ulmus alata 3.0 1.6 10 0.00t01 53%
Ulmus americana 3.5 1.9 31 0.0001b 54%
Ulmus rubra 1.5 3.23 30 0.005 47%
A Wilcoxon matched-pairs signed-rank test
B Paired T-test
NS Sample size was insufficient to test.
Species present at fewer than 5 transects are not shown.
FW Data Representativeness
Representativeness, in the context of FW, is the extent to which data accurately represents plant
community characteristics at the landscape scale (U.S. EPA 1998b). Representativeness of Illinois
forests tracts depends largely upon randomized forest site selection. Placing nonrandom sites into
the context of more representative, random sites permits direct comparisons between the two
sampling schemes and still allows for trend analysis of nonrandom sites on a site-by-site basis.
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The primary intention of FW is to assess habitat quality on a statewide level using multiple sites. A
permanent transect approach was therefore adopted in lieu of randomized sampling within a forest
tract. Permanent sampling units eliminate onsite variability attributable to differences in location, thus
they are more powerful for long-term studies (Schwartz et al. 1997; Elzinga et al. 1998). For a more
detailed discussion on the representativeness of random versus permanent plots see section 10.0.
FW Data Comparability
Comparability in terms of FW data is the extent to which we can compare data across years and to
other similar studies (U.S. EPA 1996). Comparison of multi-year data from the same site is made
possible by the use of standard operating procedures discussed throughout this Quality Assurance
Project Plan and IDNR (2001b). This is the general approach espoused by U.S. EPA for volunteer
stream monitoring (U.S. EPA 1997). There are no standard operating procedures (SOP) for
volunteer monitoring of terrestrial systems, but FW has adopted standardized professional monitoring
methods whenever possible. For example, FW guidelines for measuring tree dbh are based on those
used by USDA Forest Service's Forest Health Monitoring Program (1999).
If no standard operating procedures exist (as is the case with volunteer terrestrial monitoring) then
the next best alternative is to document performance-based characteristics such as precision,
accuracy, and representativeness of one's methods and to make direct comparison of one's data
with other programs whenever possible (Diamond et al. 1996). Performance characteristics of FW
data are made throughout this document, but we have not conducted direct comparisons of the data
with other groups. FW data are comparable to professional CTAP data when using data subsets of
the latter. Both groups collect similar data, however, the professional botanists identify all specimens
to species and collect greater amounts of data by using additional quadrats in comparison to
volunteers.
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FW Data Completeness
Completeness is defined as a measurement of the number of samples one must take to be able to
use the information, as compared to the original number of samples one planned to take (U.S. EPA
1996). In 1996, the goal was to eventually have 100 random forest sites monitored statewide by
citizen scientists. Currently we have achieved approximately 45% of this goal. Professional scientists
with the CTAP program monitor 30 sites per year. In 2000, citizen scientists monitored 50 sites
during the fall season (including both random and volunteer selected sites). Nine of these were
random sites. Therefore, volunteers monitor almost twice as many sites as professionals each year;
however, most of these are not randomly selected (Table 4). FW still has a small sample size for
analyzing statewide trends.
TABLE 4. NUMBER OF FOREST SITES MONITORED BY VOLUNTEERS STATEWIDE
BY WATERSHED 1998-2000; NUMBERS IN PARENTHESES INDICATES THE
RANDOM SITES.
Watershed 1998 1999 2000 2001
Rock 0 5 2 5
Fox 14 13 14 15
Kankakee 2 5 2 4
Spoon 0 1 0 0
Sangamon 1 2 8 2
Lamoine 3 7 2 6
Kaskaskia 13 6 6 1 0
Embarras 6 4 8 10
Little Wabash 0 0 1 0
Big Muddy 13 5 8 6
Total 52 (13) 47 (13) 51 (9) 58 (10)
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8.0 TRAINING REQUIREMENTS
EcoWatch Trainer "Training"
EW employs EcoWatch trainers to recruit and teach the monitoring procedures to its volunteers. The
majority of Trainers have a bachelor's degree in the biological sciences. All trainers take annual
written and field exams for certification purposes. A 90% accuracy level or better is required for
trainers to pass the exam. The FW Training Coordinator formally evaluates a trainer's abilities at both
indoor and outdoor volunteer training sessions. Only trainers who pass these exams and evaluations
may train volunteers. Those whose performance is not satisfactory are required to complete
additional training exercises as deemed appropriate by the FW Training Coordinator. Until their
performance improves, trainers may not train volunteers without a qualified trainer present.
Citizen Scientist Training
Volunteers are required to attend a training session before they are eligible to collect data.
Untrained volunteers may assist trained volunteers as long as they are supervised by at least one
trained volunteer. Sessions typically consist of a one-day course encompassing both indoor and
outdoor portions. Trainers train volunteers using a standardized training session guide. The guide's
format and content is provided in the appendix. Standardization of session content and format
provides consistency in volunteer training at a statewide level.
The indoor training covers the program's goals, FW procedures, QA/QC, and site set-up. Volunteers
also receive basic training on how to identify plants using dichotomous keys and are shown slides of
the common Illinois trees and the indicator species. FW recognizes that additional practice is
necessary for accurate species identification and it is the volunteers' responsibility to practice
identifying and keying species on their own. During the outdoor portion volunteers receive hands-on
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field training at a forest site. Active participation is strongly encouraged during the field portion to
ensure volunteers become comfortable with using the equipment and conducting the procedures.
Review Sessions
FW strongly encourages the volunteers to attend review sessions each year. Topics discussed
include updates to the program, manual revisions, and data quality issues. Reviews are fairly flexible
allowing for trainers to adjust them in response to volunteer needs. FW also offer tree and wildflower
walks, which act as a volunteer recruitment opportunity while also providing plant review for existing
volunteers.
FW is considering a more formalized testing or certification procedure for citizen scientists. A direct
comparison to other volunteer monitoring QA programs is difficult since FW, unlike most groups,
collects terrestrial data. The closest comparisons possible are with volunteer stream monitoring
programs. Many of these programs require certification by testing (Maryland Stream Waders Program
2001; Virginia Save Our Streams Program 2001). Unlike FW, these organizations do not require the
submission of their samples (or herbaria), making certification essential.
Volunteer Feedback
FW solicits feedback from its participants. Trainers distribute Volunteer Feedback Forms to
volunteers as part of the standard training packets. They are also given to all previously trained
citizen scientists attending reviews. Responses are evaluated and considered for adoption during
training and manual revisions.
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9.0 DOCUMENTATION AND RECORDS
Hard Copies
A hard file is kept for each FW monitoring site and contains the volunteers contact information,
landowner contact information, legal description, and site directions. This file acts as backup to the
site identification database available via the EW Intranet Web site. It also includes monitoring data
for the site and any QA information available for the volunteer. These files are maintained at the
regional office that is responsible for the site. EW staff periodically review these files during field
office visits. Each site file must include the following items:
1. Site Evaluation Form describing the site location, access points, suitability of the site,
and landowner permission status.
2. Site Identification Form describing the location of the site, legal description, and other
location descriptor information.
3. Property Access Agreement Form documenting the landowner's permission to access
the site for evaluation and monitoring purposes. It must be signed before monitoring
starts.
4. FW Data Sheets for the site are also included in the site file.
5. Site Maps.
FW Computer Databases
The EcoWatch Database Manager maintains the FW site description and site evaluation databases
at a statewide level. When a volunteer requests a site for adoption, the EW Database Manager
reviews and confirms the following site information: site name, site location (watershed, county,
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location description, topographic map name, township, range, section and section quadrant), and
site coordinates (latitude and longitude). The tool used to review site location and coordinates is
digital topographic software Terrain Navigator by Maptech.
If the site meets all evaluation criteria, the manager registers the site in the site database and
assigns a unique identification number. This site identification number consists of eight digits; the
first is "F" for ForestWatch, digits two-three represent the watershed number, digits four-six are the
Federal Information Processing Standard (FIPS) code for county, and digits seven-eight signify the
number of the site within a given county.
FW maintains a site database tracking system where sites are categorized as 1) un-evaluated; 2)
evaluated and ready for monitoring; 3) adopted by a volunteer; 4) abandoned by a volunteer who no
longer monitors with FW; or 5) rejected as unsuitable for monitoring. Sites meeting the physical
requirements that also have landowner permission are listed in the database and are ready to be
assigned to new volunteers. FW also tracks whether a site is volunteer selected versus random.
Abandoned sites remain in the database and are reassigned to another volunteer if they were
randomly selected or if multiple year data was collected (over three monitoring seasons).
10.0 MONITORING DESIGN
Monitoring Design Rationale
FW data characterize changes in forest structure and habitat quality over time by monitoring a large
number of sites distributed throughout the state. Therefore, the specific condition of any one site is
less important than gathering trend data over time (Schwartz et al. 1997). In addition, the ability to
detect temporal trends are much more powerful with permanent sampling units compared to
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temporary units (Elzinga et al. 1998). With this in mind, volunteers establish permanent transect lines
at their forest site. Additional reasons why FW opted for permanent transects include:
1. It simplifies site set up and circumvents any issues with volunteer ability to select a random
location within their forest.
2. Any bias in transect location is minimized since volunteers do not monitor near where the
transect begins. Instead they measure out a 100-meter transect line but begin collecting
data at the 50-meter point.
The permanent transects are separated into 10-meter intervals for ease in collecting and recording
the data. This also allows volunteers to more easily relocate individual plants they had difficulty
identifying (Schwartz et al. 1997). In addition, the data can then be used to track the spread of the
invasive indicators across the transect length over time.
FW adopted a basic vegetation sampling method in order to utilize large numbers of volunteers with
minimum scientific background. No single taxon will reflect multiple changes in habitat quality.
Therefore, a method using a suite of indicators was adopted to measure broad environmental
conditions affecting many different taxa in forest plant communities (Schwartz et al. 1997).
Volunteers measure forest age structure and the abundance and composition of the tree and shrub
species since they are the most easy and obvious method for assessing forest quality (Schwartz et
al. 1997). The use of size classes rather than exact dbh was adopted since FW is primarily seeking
to classify forests into 1) mature versus young, 2) stable or transitional based on relative abundance
of trees in the size classes, and 3) type (Schwartz et al. 1997). Exact dbh is not necessary for this
type of assessment and would take volunteers considerably longer to complete with no substantial
gain in information.
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The program measures the loss of disturbance-sensitive species from forest sites as a key indicator of
degrading forest health (Schwartz et al. 1997). Using indicators is the most effective method for
measuring forest disturbance without burdening the volunteer with long species lists. However, EW
recognizes that using indicators is loaded with biological prejudices regarding their actual importance
to ecosystems (Schwartz et al. 1997). The study design avoids this problematic issue since we
intend to utilize the indicator species data to track trends at a site through time, not to compare
coverage of these species among sites.
Historic records on disturbance-sensitive and invasive flora are often sparse, with information limited
to a specific collection date and county location. This type of record contains insufficient data on the
magnitude of the impact or loss of such species from the state (Schwartz et al. 1997). The FW
program fills a data gap by allowing one to quantify the impacts or loss of these species over time on
a statewide basis. Disturbance-sensitive species are defined here as those species that often
disappear from forests through various human disturbances such as grazing and logging; or from
human alteration of natural disturbance regimes such as fire (Schwartz et al. 1997). Species were
selected based upon the following criteria:
1. their presence in high quality forests;
2. an observed tendency for extirpation with disturbance;
3. they are easily identifiable and not easily confused with similar taxa (Schwartz et al.
1997); and
4. the species coefficient of conservatism (Taft et al. 1997).
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Volunteers collect information on the distribution and abundance of invasive non-native plants to
help track when these species are displacing native flora. The invasive species identified by
volunteers:
1. have the ability to invade beyond the forest boundary;
2. are thought to have a negative impact on native forest species; and
3. are easily identifiable and not easily confused with similar taxa (Schwartz et al. 1997).
Volunteers monitor the presence or absence of the gypsy moth and dogwood anthracnose to track
the current rate and spread of these species across the state. Cases of gypsy moth are reported to
the Illinois Department of Agriculture for possible control measures. FW also has the flexibility to add
additional invasive indicators if deemed necessary by state biologists.
The salvaging of dead or downed wood is a frequent forestry practice that can affect available
habitat for many forest species. Specifically, removing this material decreases potential habitat for
cavity nesting birds, and protection and habitat for herps and many insect species (Schwartz et al.
1997). Therefore, volunteers monitor the abundance of downed woody debris and snags along the
transects. These data will be used to assess the frequency of timber salvage and track changes in
salvage through time.
Volunteers observe the visible signs of human use and activity for mostly educational rather than
strictly scientific purposes. EW hopes this will bring greater awareness by volunteers to the degree
and range of human disturbances to forests. This information can also help to explain current forest
conditions. Tree height data are useful for characterizing a site's age and structure. Foresters often
characterize sites by height as well as by the variety of species present.
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Over the long term, measuring the presence or absence of canopy and subcanopy cover allows data
users to detect possible signs of long-term stress if canopy cover decreases significantly. It also
allows for detection of increased canopy cover over time, which may adversely affect herbaceous, low
growing shrubs in the ground layer and the oak and native seedling recruitment.
Safety and Liability
Personal safety is a high priority for the FW program. Volunteers are instructed to never monitor a
site alone. Volunteers are also instructed to use the following precautions:
1. always let someone know where you are going and when you plan to return;
2. wear covered shoes and long pants when monitoring; and
3. watch out for poisonous plants, snakes, biting insects, and ticks.
All citizen scientists are required to sign liability waiver forms when attending training sessions or other
events sponsored by EW. Landowners are not responsible for injuries or damages that may result
when citizen scientists monitor a site.
11.0 EQUIPMENT REQUIREMENTS
Equipment
Volunteers must use the equipment listed in the Illinois ForestWatch Monitoring Manual (IDNR
2001b). Most volunteers borrow equipment from their EW regional office each year and some
procure their own equipment. An abbreviated list of required equipment includes the following.
1. Meter sticks and meter tape (or polypropylene rope marked in meters)
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2. Plastic or metal tent stakes
3. Compass
4. Tree, shrub and wildflower identification keys
5. FW Quality Indicators of Illinois Cards
6. Clinometer and ocular tube
7. m2 quadrat
8. Wire flags
12.0 HERBARIUM LABELING AND CUSTODY REQUIREMENTS
Volunteers are required to submit a herbarium collection of all the trees, indicator shrubs, and
herbaceous invasive indicator species identified during monitoring. All specimens are labeled with
the following information:
1. Scientific and common name
2. FW site identification number
3. County
4. Date collected
5. Citizen scientist name(s)
6. Location description
There is no formal chain of custody agreement form, as herbaria are not sent to an outside
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herbarium. Each year 30% of the collections are turned into the EW regional office and checked for
accuracy. They are then returned to the volunteer for use as a reference collection. Some sites do
not allow volunteers to collect plant specimens. In these cases, the QA Officer will visit the site to
confirm accurate volunteer identification of tree, shrub, and invasive indicator species.
13.0 INSTRUMENT / EQUIPMENT PURCHASE, INSPECTION, AND MAINTENANCE
REQUIREMENTS
The majority of FW equipment is either constructed from materials purchased at local hardware stores
or through Forestry Suppliers, Inc. Equipment is available to volunteers at strategically placed local
checkout stations as well as at regional offices. Trainers check the kits at least once a year for
missing equipment and damages.
14.0 DATA AND METHOD ACQUISITIONS
Size Classes, Cover Classes and Diameter at Breast Height (DBH) Measurements
The FW program uses size classes to estimate dbh of trees and shrubs, and percent cover of
herbaceous species. DBH is the standardized method used to measure the size of woody plants.
The use of classes was adopted to reduce volunteer error and to minimize time spent on the
procedures. In addition, size classes are sufficient for FW purposes since volunteers are not
measuring the growth rates of individual trees but classifying forests by stand age and abundance of
trees of differing sizes (Schwartz et al. 1997). Volunteers follow standardized protocols for measuring
trees based upon those used by USDA Forest Service's Forest Health Monitoring Program (1999).
The percent cover classes are based on the modified Daubenmire Scale (Abrams and Hulbert 1987)
used by professional scientists when collecting percent cover data. However, for purposes of
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simplification, the classes were reduced to six categories instead of the seven used in the modified
Daubenmire Scale and by professional botanists with CTAP (table 5). We are currently considering
adopting seven categories to make our data directly comparable to data collected by the professional
botanists with CTAP.
Ocular Tube and Clinometer
Volunteers measure the amount of light reaching the forest floor using an ocular tube and use a
clinometer to measure maximum canopy height at their forest site. FW adopted these procedures
from the Global Learning and Observations to Benefit the Environment (GLOBE) program, which is a
hands-on international environmental science and education program (GLOBE 2001). The canopy
cover procedure was modified by FW to measure the extent of vegetation shading from both trees
and shrubs. FW also modified GLOBE's tree height protocol to include measuring a tree's base
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TABLE 5. SIZES CLASSES USED BY BOTH FW VOLUNTEERS AND THE PROFESSIONAL CTAP
BOTANISTS; DBH > 60 CM IS RECORDED TO EXACT DBH; NA = NOT APPLICABLE.
Size Classes FW DBH FW % Cover CTAP DBH CTAP % Cover
Classes
Scale (cm) Scale Scale (cm)
A 5-10 0 5-9.9 <1
B 10.1-20 0.1-5 10-14.9 1-4.9
C 20.1-30 6-25 15-19.9 5-24.9
D 30.1-40 26-50 20-24.9 25-49.9
E 40.1-50 51-75 25-29.9 50-74.9
F 50.1-60 76-100 30-39.9 75-94.9
G >60 NA 40-49.9 95-100
H NA NA 50-59.9 NA
angle for accurate measurement of tree height on any slope type. FW found the GLOBE protocol
(without the base angle measurement) to be inaccurate when measuring on slopes.
Interpreting the Data
The FW program analyzes the data employing descriptive statistics frequently used by professional
biologists. Examples include mean tree abundance and mean basal area of tree species per
hectare. FW also uses importance values, which estimate the ecological influence of species in a
forest community based on a combination of abundance and percent cover values; FW also uses the
ratio of non-natives to native species.
Trend Analyses
It is the intention of the FW program to detect trends in forest habitat quality once a sufficient data
set is collected (Table 6).
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TABLE 6. PRIMARY AND SECONDARY RESPONSE VARIABLES FOR FORESTWATCH HABITAT
QUALITY TREND ANALYSES (SCHWARTZ ET AL. 1997).
Protocol Primary Response Measures Secondary Response Measures
Forest structure (dbh and tree Aggregate of densities in each Size class distributions by taxon
species data) size class
Invasive species Summed score of Density by taxon
density/percent cover score for
all taxa
Habitat complexity Mean standardized score Volume of dead wood
downed woody debris
Tree, shrub canopy cover Mean standardized relative Relative frequency of individual
(measure of light levels) frequency of +/- observations selected observations
Disturbance-sensitive Standardized mean percent Mean percent cover cover by
herbaceous cover cover for all taxa taxon
15.0 DATA MANAGEMENT
Hard Copies
FW adheres to strict guidelines when verifying and correcting mistakes on the data sheets.
Verification boxes and standardized guidelines for correcting mistakes help to decrease data entry
errors. Mistakes written on data sheets while monitoring are not erased or blackened. Instead,
volunteers are asked to place a single line through the error and write the correct answer next to it
and initial it. The volunteer must also make a note on the data sheet as to why the correction was
made. FW requires volunteers to check their data sheet for completeness before leaving their site
and to initial verification boxes on each sheet. Once the monitoring season has ended, volunteers
submit their original data sheets to their respective regional offices. Trainers then recheck the original
data sheets and initial them once they have verified the data.
On-line Data Entry
Volunteers who have access to the Internet and agree to enter their data on-line are given a
username and password to access the Web site. The Web site allows volunteers to enter data only
for their own FW sites. Volunteers do not have access to other sites and cannot alter other
volunteers' data. Trainers enter data on-line for volunteers who do not have access. Trainers can
access all sites within their region and may change data entered incorrectly.
Trainers also fill out data verification forms pertaining to data collection and completeness that are
reviewed by FW staff before data are approved and posted. This form is kept with the data sheets in
the site file and a copy is sent to the volunteers. In all situations the on-line data are compared to
the original data sheets and corrected by trainers before being sent to the QA Officer.
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16.0 DATA REVIEW, VALIDATION AND VERIFICATION REQUIREMENTS
Minimum Data Requirements
The QA officer reviews all data for verification purposes and has final decision as to accepting or
rejecting data. The QA Officer follows these minimum guidelines when deciding whether to accept or
reject data:
1.
2.
3.
4.
5.
6.
7.
Citizen Scientists must monitor their site using the procedures as described in training and
in the Illinois ForestWatch Monitoring Manual.
Citizen Scientists must use FW approved monitoring equipment.
The site must be monitored within the specified FW monitoring period.
The site monitored must meet minimum safety requirements and have all necessary paper
work complete including site identification number and landowner permission.
There must be at least one trained citizen scientist present when monitoring a site.
Partial data sets are accepted if a given procedure was completed for all three transects.
The forest tract must meet the physical requirements (see prior sections for more
information).
Addressing Minor Errors
Minor errors, such as a single missing cell on a data sheet, are corrected by contacting the volunteer
for clarification. Trainers insert documentation of these corrections and changes into the site file.
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Data Verification
All data undergo a rigorous quality control process. Verification boxes are on each data sheet and
must be initialed by volunteers and trainers to ensure all data sheets were checked for errors.
Trainers who enter data for volunteers (who do not have access to the Web site) check the data
using the following system: 1) a trainer enters the data and then waits a minimum of 24 hours before
rechecking the entered data for errors or 2) one trainer enters the data and another trainer checks
the entered data for errors. Trainers compare volunteer-entered data to the volunteer's original data
sheet. The QA Officer completes a final check of the data before they are posted. The QA Officer
rejects data not meeting minimum requirements (see above).
17.0 VALIDATION AND VERIFICATION METHODS
Herbarium Reference Collections
Each regional office maintains a Herbarium Reference Collection for use in training and specimen
verification. All reference collections include a minimum of one specimen for each tree and indicator
shrub commonly found in the region. Specimens are identified using approved identification guides.
The QA Officer checks the collections periodically.
Site Sketch Checks and Relocating Transects
The trainers review all site sketches for completeness. Sketches must include compass bearings and
multiple reference points to all the stakes, and must include enough detail to ensure sites can be
relocated. The QA Officer periodically requests a random number of site files for review and will check
the site sketches for completion.
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Herbarium Checks by QA Officer
The QA Officer verifies 30% of volunteer herbaria each year. FW excludes sites whose herbarium
collections were checked within the past five years. After five years, sites may be reselected for
verification purposes but volunteers only send in any new species at the site. FW may ask volunteers
to resubmit specimens in poor condition or species that were initially misidentified.
Once a collection is submitted, the QA Officer identifies all pressed specimens. The QA Officer's
findings are then compared with the volunteer's identification. The QA Officer provides each
volunteer with information on their identification skills as well as the condition of the collection (see
section 21.0). FW returns checked herbaria to the volunteer for use as a reference collection. The
QA Officer tracks the status/progress of herbaria submittals. Sites with completed, verified collections
are flagged in the database. Currently, FW does not reject data without completed herbarium
collections.
Shadowing and Comparison Studies
FW periodically implements comparison and replication studies to ensure data quality remains high.
FW uses two major types of studies to quantify data quality. First, the precision or repeatability of FW
data is checked through replication studies where trainers or other EW staff shadow volunteer
monitoring efforts. This is an effective tool for documenting training quality since the volunteers' data
may be compared with data from those certified in the procedures (Diamond et al. 1996) (i.e., the
EcoWatch staff). Sites to shadow are chosen randomly statewide and both sets of data are collected
within a set timeframe (usually within two weeks of one another) to ensure consistency in site
condition. This is also a blind study where volunteers are not apprised of the comparison. If results
vary widely between the two groups, procedures are changed to improve data quality. Shadow
results from 1998 to 2000 are available on the EW Web site.
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Second, EW has an on-going study to examine the congruence of volunteer data with that of CTAP
professional scientist data (details were discussed in sections 7.0 and 18.0). This study is essential
for ensuring FW data is comparable with data collected by CTAP botanists. Because volunteers do
not identify all plants to species, this study also allowed FW to quantify what information was actually
lost by incomplete identification. The study found that volunteer monitoring methods underestimated
a site's tree species richness by 18% and its shrub species richness by 33%. However, if all factors
are held equal, volunteers detected only 8% fewer trees species than did the professionals.
Volunteer Site Checks
In some circumstances, FW will verify questionable data during site visits. For example, site visits by
staff have occurred when volunteers record high numbers of rare disturbance-sensitive species or
report tree species not known from that region of the state.
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18.0 DATA ASSESSMENTS AND RESPONSE ACTIONS
Trainers Assessments and Response Action
FW requires its regional EW offices to correspond with each volunteer in order to relate information
concerning data quality. Trainers send feedback letters to volunteers addressing any identification
errors. All correspondence with individual volunteers is documented and kept in the site file.
Submitted data are reviewed and feedback given to volunteers in order to correct any problems.
FW encourages all volunteers to improve their identification skills and attend reviews. With this in
mind, FW provides multiple opportunities for volunteers to polish their monitoring skills, including
review sessions, tree/wildflower walks, and individual assistance by appointment. Trainers also cater
their outreach activities to address any current QA concerns.
QA Officer Assessments and Response Action
The QA Officer communicates data errors to trainers and volunteers via personal letters to volunteers,
reports, newsletter articles, or verbal communication. For example, the QA Officer informs trainers of
species with poor identification rates. In turn, trainers emphasize these species at training, review,
and during personal communication with volunteers. FW rejects data not meeting minimum data
quality requirements; however, currently FW accepts data with errors other than those described
previously (see section on minimum data requirements). The program corrects any known errors
(such as tree misidentification) and informs volunteers of the error.
EW is considering a system of flagging sites with high data quality in the database. In this situation,
data users could use their own judgment as to whether to use all the data or just data from sites with
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verifiable data. For example, sites that participated in shadow/comparison studies or had their
herbarium checked would be flagged.
19.0 REPORTS
The FW Summary Report consists of the data results for the entire state. The report includes but is
not limited to the following information:
1. Descriptive statistics for an average forest site's species richness, species abundance, and
cover of indicator species.
2. Total number of forest sites monitored statewide and by watershed. These data are also
compared and discussed in reference to previous monitoring years.
3. Statewide information on the occurrence and distribution of dogwood anthracnose and gypsy
moth.
Annual Reports
The FW Herbarium Verification Report consists of the data results from the herbaria verified by the
QA officer (30%). The report includes but is not limited to the following information:
1. Volunteer identification rates for collections and a list of any misidentified species.
2. Specific guidelines and recommendations to increase accuracy rates for "problem" species.
3. Information on the completion and condition of the herbaria.
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Regional Newsletters
Each regional office has its own newsletter that addresses region-specific program issues on a
quarterly basis. Items highlighted in the these reports include summary data specific to the region,
upcoming reviews and special events, and any locally abundant species commonly misidentified by
the region's volunteers.
Special Reports
The Quality Assurance Officer also produces special reports on shadowing results and comparison
studies. Shadow reports often include but are not limited by the following:
1. Comparisons between volunteers and EW staff results for the site.
2. Rate of agreement between the two pairs of data for the plant species identified.
3. Recommendations for improving data quality.
Report Distribution
All reports are available on-line at the EW Web site. In addition, trainers use portions of these reports
in feedback letters, newsletters, and in other materials sent to volunteers. Finally, these reports are
sent out to all EW staff, trainers, and relevant CTAP staff.
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20.0 RECONCILIATION WITH DATA QUALITY OBJECTIVES
Precision
EW is working to address both intra- and inter-observer data precision. Inter-observer precision has
been addressed using shadowing (duplicate sampling) where two sets of data are collected using
volunteers and EW staff at the same forest site. A previous shadowing study found no difference
between volunteer and EW staff results for identification at the genus level but did identify species-
level discrepancies with the elms, oaks, and other difficult species (Brandon, 2001). For species and
parameters (such as measuring tree height) where differences were detected, FW made procedural
changes to help improve data precision. For example, during the shadow studies FW staff struggled
to relocate transects because the site sketches did not include enough detailed information. The
program was concerned that volunteers themselves might have difficulty relocating their sites. FW
now requires additional stakes and is actively checking the site sketches for completeness.
We are still working towards attaining the precision data quality objectives for some procedures but
have obtained them for others (Table 7). Previously, procedures have been removed or altered
when revisions still did not allow FW to meet data quality objectives. For example, the original
procedure for characterizing canopy cover involved drawing pictures of the canopy; this proved to be
very subjective and prone to much error. This was replaced with a simpler survey using an ocular
tube.
FW has not yet studied intra-observer precision but plans to address the issue in the near future.
Accuracy
FW strives to meet a minimum 80% accuracy rate for species identification and abundance. The QA
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Officer verifies 30% of the herbaria each year. Results from 2001 indicate identification rates of 90%
or better for the collections. However,.most volunteers have yet to complete a collection. The
comparison study with the CTAP botanists and the in-house shadow studies did detect high error
rates (above 20%) for difficult species such as elms and oaks. In response, FW provided additional
information in volunteer training packets for high-error species in 2001. Trainers are also aware of
which species have low accuracy rates and can target training and review sessions for familiarity with
the diagnostic features for separating these species. A future study will determine if these strategies
were successful in improving accuracy rates. In the past, when necessary, FW has made manual
and training changes when accuracy was not maintained at an acceptable level. For example,
volunteers initially identified tree saplings to species; however, volunteers had great difficulty with this
level of identification since many key characteristics are not consistently present on saplings. In
response, FW modified the procedure to specify identification to genus level only. We have met our
data quality objectives for some species but not for others (See Tables 3 & 7).
We are not certain of the accuracy levels for the herbaceous indicators since FW has yet to conduct
a comparison study for the spring survey data. We hope to conduct such a survey at some point in
the future. We are also still working on ways to check volunteer identification of the disturbance-
sensitive and native herbaceous indicators without the benefit of a herbarium specimen.
Representativeness
FW data are representative of statewide habitat conditions since many sites are randomly selected.
However, we still have more volunteer-selected versus random sites. We are working to encourage
volunteers to adopt more of these random sites (Table 7).
It is not the intention of the sampling design to accurately represent habitat quality conditions within
each forest site. A justification for the sampling design was previously discussed in sections 7.0 and
10.0.
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Comparability
Data comparability from the same sites over time is maintained by the use of standard operating
procedures, which were discussed throughout this report. FW data are also comparable to
professional CTAP data when using data subsets. In an ideal world, both volunteers and
professional scientists would collect data using the same methods. However, using the same method
is not likely among different agencies with different reasons for collecting data and varying levels of
technical skill (Barbour et al. 1999). Whenever possible, FW adopted the methods of the Forest
Health Monitoring Program (USDA 1999) or others programs already collecting similar data (GLOBE
2001). The best alternative (when the same methods are not possible) is to document performance-
based characteristics such as precision, accuracy, and representativeness of one's methods so that
direct comparisons can be made with other programs (Barbour et al. 1999; Diamond et al. 1996).
Performance-based characteristics of our data have been made throughout this QAPP (Table 7).
However, we have not made direct comparisons of our data with other similar monitoring groups. FW
would be interested in conducting such a study in the future.
Completeness
The original goal for FW was to monitor 100 randomly selected sites statewide. Currently we have
approximately 45 randomly selected sites monitored by volunteers (Table 4). Therefore, we have yet
to reach this data quality objective. Due to regional demographics, it is unlikely we will have an
adequate number of volunteers for some watersheds. FW has used EW staff to supplement data
sets for watersheds where volunteers were not recruited. However, FW is still working on strategies to
increase the volunteer recruitment in these regions.
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21.0 FW INTERNET RESOURCES
The following is a list of resources available at the FW Web site related to QA with a brief description.
* Database management Web site where volunteers enter their data:
http://WWW.ecowatch.org/manage/index.htm
* Downloadable databases for all forest data starting in 1998:
http://dnr.state.il. us/orep/inrin/ecowatch/FOREST/Data1. htm
* Report on the shadow study results from 1998-2000:
http://dnr.state.il.us/orep/inrin/ecowatch/FOREST/DATA/techfw1.pdf
* The quarterly statewide newsletter for EcoWatch Network volunteers:
http://dnr.state.il.us/orep/inrin/ecowatch/NEWS/EcoWatchvol4n1/index2.html
* FW Methods Manual detailing how the data are collected and organized in the database:
http://dnr.state.il.us/orep/inrin/ecowatch/FOREST/FWUSERGD. htm
* Pictures and descriptions for the FW indicator plants:
http://dnr.state.il.us/orep/inrin/ecowatch/ForestQualitylndicator/index.htm
* The ForestWatch Leaf Guide: http://dnr.state.il.us/orep/inrin/ecowatch/FOREST/leaf/
* On-line ForestWatch Quiz:
http://dnr.state.il.us/OREP/INRIN/ECOWATCH/FOREST/FWquiz.htm
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